Profound structural alterations of the extracellular collagen matrix in postischemic dysfunctional ("stunned") but viable myocardium.
Ultrastructural studies of the extracellular collagen matrix were made on the "stunned" myocardium using scanning, conventional and high voltage transmission electron microscopy and light microscopy. Regional myocardial dysfunction was produced by 12 sequential 5 minute occlusions of the left anterior descending coronary artery, separated by 10 minute intervals of reperfusion. A final 90 minute reperfusion period documented persistent myocardial dysfunction. At the end of the final reperfusion period, the percent systolic shortening, measured by sonomicrometers, was depressed significantly to 35 +/- 9% of baseline. The heart was then perfusion fixed, and samples were taken from both control and stunned areas. No changes associated with irreversible cellular damage were noted in the stunned region. However, scanning electron microscopy of the stunned area showed that the extracellular collagen matrix underwent profound structural changes. Collagen cables were roughened, uncoiled and discontinuous. Linear grooves on the surface of the myocytes were frequently seen, indicating complete loss of collagen cables. The usual dense collagen weave surrounding myocytes became patchy or absent. Myocyte to myocyte struts were sparse and frequently absent, with remnant nodular or nublike structures indicative of breakage. High voltage electron microscopy of the stunned area showed that the collagen struts were discontinuous and vacuolated with rounded tips. Light microscopy of silver-stained sections of the stunned tissue demonstrated large patchy areas that were devoid of silver, indicating absence of the collagen matrix. There was a progressive increase in percent systolic bulging during each sequential coronary occlusion, suggesting increasing myocardial compliance. These results indicate that the myocardial collagen matrix is severely damaged from reversible ischemic cell injury. The greater myocardial compliance and less effective contractile effort in the stunned myocardium might be explained on a structural basis: disruption of the mechanical coupling function provided by the extracellular collagen matrix.